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With the development of high-resolution γ ray spectroscopy experiments, experimental data on energy spectra 
and electric multipole transition strengths of light Λ hypernuclei have been accumulated, and more data on those 
of medium-heavy and heavy hypernuclei are expected to be obtained with next-generation facilities such as 
J-PARC. The measured energy spectra and electric multipole transition strengths in low-lying energy states 
provide rich information on the hyperon-nucleon interaction in nuclear medium and on the impurity effect of a Λ 
particle on nuclear structure. Since information on hyperon-nucleon and hyperon-hyperon interactions can not be 
exracted from hyperon-nucleon and hyperon- hyperon scattering experiments, which are difficult to perform due 
to the short lifetime of hyperon and unavailability of hyperon beams, studies of the structure of hypernuclei play 
a vital role in shedding light on baryon-baryon interactions. Such information is also crucial in order to 
understand neutron stars, in which hyperons may emerge in the inner part. 
 
Many theoretical methods have been developed to study hypernuclei, such as cluster model, shell model, 
ab-initio method, antisymmetrized molecular dynamics (AMD), and self-consistent mean-field models. Among 
them, the self- consistent mean-field approach offers a way to study globally the structure of hypernuclei from 
light to heavy systems, providing an intuitive picture of nuclear deformation. However, a pure mean-field 
approximation is formulated in the body-fixed frame and violates the rotational symmetry, and thus does not 
yield (hyper) nuclear spectra. This difficulty can be overcome by going beyond the mean-field approximation 
introducing quantum-number projection techniques. The quantum fluctuations in nuclear shapes can also be 
taken into account with the generator coordinate method (GCM). 
 
In this thesis, we combine the state-of-the-art beyond relativistic mean-field approach with the ideas of 
traditional particle-rotor model, and propose a novel microscopic particle-rotor model for hypernuclear low-lying 
states. In this model, hypernuclear states are constructed by coupling the hyperon to low-lying states of the core 
nucleus. The novelity of the method is that the structure of hypernuclei is constructed by taking into account the 
excitations of the core nucleus, for which we employ the microscopic beyond-mean-field approach, that is, the 
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generator coordinate method (GCM) with the particle number and angular momentum projections onto 
mean-field states. 
 
This novel method is applied to the low- energy spectra of , ,  and . Our results show that the 
low-lying excitation spectra with positive-parity states of the hypernuclei, which are dominated by Λ hyperon in 
the s orbital coupled to the core states, are similar to that of the corresponding core states. In particular, we find 
that the configurations of the first 1/2— and 3/2— states depend much on the properties of a core nucleus, in 
particular on the sign of quadrupole deformation parameter. For example, the energy splitting between the 1/2
—and 3/2— states of  reflects the spin-orbital interaction of p-Λ hyperon, while the situation is different in 
 (oblate),  (prolate) and  (prolate), where there are strong configuration mixings in their 1/2— and 
3/2— states. We also discuss the impurity effect in these hypernuclei. It is shown that the electric quadrupole 
transition strength, B(E2), from the first 2+ state to the ground states is reduced by adding a Λ particle in the 
positive-parity states, where the reduction factor depend on the mass number of the hypernuclei. In order to 
check the interaction dependence for  and , the calculations are carried out based on two different 
nucleon-nucleon effective interactions, PC-F1 and PC-PK1. A slightly larger impurity effect is obtained with the 
PC-PK1 force than with PC-F1 force. 
 
In addition to these studies, we also perform a detailed analysis of the impact of each NΛ interaction term on 
hypernuclear low-energy states for  and . It is shown that the Λ hyperon binding energy decreases 
monotonically with increasing strengths of the high-order interaction terms. Moreover, we find that the tensor 
coupling term decreases the energy splitting between the first 1/2— and 3/2— states and increases the energy 
splitting between the first 3/2+ and 5/2+ states in  and .  
 
Finally, we apply the microscopic particle-rotor model to Λ hypernuclei of Sm isotopes and discuss the transition 
in the low-energy spectrum from  vibrational to rotational characters. The configuration mixing becomes 
increasingly stronger for  and   states as the shape of nuclear core varies from near-spherical to 
well-deformed prolate deformation. 
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論文審査の結果の要旨 
 
 原子核構造を記述する模型の一つに平均場近似法がある。これは、一粒子ポテンシャルの中で
核子が独立に運動しているという描像に基づくものであり、軽い原子核から重い原子核の広い質
量領域にわたって系統的に適用可能な唯一の理論方法となっている。この方法は原子核にハイペ
ロンが付加されたハイパー核にも拡張され、これまでにハイパー核の変形やドリップ線などが議
論されてきた。平均場近似はハイペロン付加に伴う変形度の変化などハイパー核の変形に対する
直感的な理解を与える一方で、解が対称性を自発的に破り実験で観測される原子核やハイパー核
のスペクトルを直接計算することができないという欠点を持っている。しかしながら、近年、計
算機の能力が向上したこともあり、平均場近似をベースにしつつ量子数射影法を用いてスペクト
ルを構築する「平均場近似を超えるアプローチ」が急速に発展している。 
 本研究では、平均場近似を超えるアプローチを偶偶核に適用し、そこにラムダ粒子を結合させ
てハイパー核の構造を記述する「微視的粒子・回転子法」が提案された。この方法により、平均
場近似をベースにしてハイパー核のスペクトルを理論的に計算し、理論計算を実験データと直接
比較することが初めて可能となった。この方法は、芯核である偶偶核の構造を記述する際に、角
運動量射影及び粒子数射影を施すと同時に、これまで平均場近似では取り入れられなかった平均
場の揺らぎの効果も生成座標法を用いて考慮する方法になっている。特に後者の効果は、変形に
対するエネルギー面がソフトであるハイパー核では重要となる効果である。 
 著者はこの新しい方法を 9 ΛBe, 13 ΛC, 21 ΛNe, 31 ΛSi, 149-155 ΛSm に適用し、これらのハイパー核
のスペクトルを計算することに成功した。それと同時に、ハイペロン付加に対する原子核構造の
変化（Λ粒子不純物効果）を議論し、ハイパー核の負パリティ状態では一般に強い配位間混合が
見られることを指摘した。得られたΛ粒子不純物効果は原子核の質量数とともに小さくなり、
154Sm 核の変形度はΛ粒子の付加に対してほとんど変化しないことも定量的に初めて示した。また、
平均場近似に基づいて先行研究で予言された 31 ΛSiハイパー核の変形の消失は、平均場の揺らぎを
考慮するとその程度が著しく小さくなることを指摘した。これらの業績は、今後のハイパー核物
理学の理論的研究に大きく寄与するものである。 
審査論文は著者が自立して研究活動を行うに必要な高度の研究能力と学識を有するこ
とを示している。従って、梅花提出の博士論文は、博士（理学）の学位論文として合格と
認める。 
 
 
 
 
 
 
 
 
